Influenza is a great threat to public health because it can lead to a broad array of respiratory illnesses that cause significant morbidity and mortality in children. The virus is transmitted through respiratory airborne droplets and/or indirect contact transmission ([@B24]). Influenza activity has marked patterns of circulation in the Northern Hemisphere, circulating in winter months from November-April, while in the Southern Hemisphere, circulation begins in May.

The Brazilian seasonal climates are nearly the reverse of the seasons in Europe and the United States of America. The main latitude and longitude of Brazil is 16º South and 55º West. Although 90% of the country is within the tropical zone, the climate of Brazil varies considerably from the mostly tropical north to the temperate zones below the Tropic of Capricorn (23º27'S latitude), which crosses the country at the latitude of the city of São Paulo.

The transmission of influenza and its relationship between weather variability and seasonality have been considered by several researchers and suggested to be strongly associated with climatic aspects. A colder temperature and low RH are believed to induce the widespread and rapid dissemination that have long been associated with viral seasonality in temperate regions. However, in tropical and subtropical countries, the dynamics of seasonal influenza A occur in a pattern that is poorly understood and in some areas, the activity peak may vary throughout the year ([@B25], [@B2], [@B5], [@B18], [@B7]). This behaviour has also been associated with solar radiation and vitamin D levels. Because influenza infection is most common in winter in temperate regions when solar ultraviolet-B (UVB) doses are believed to be low, the study of the possible effects of UVB radiation on sunlight and vitamin D in innate immunity is rapidly growing ([@B17], [@B1]). In fact, the sustained circulation of these respiratory viruses and the resulting deaths are mainly dependent on host immunity and overall susceptibility to the viral strain. Virological and epidemiological characteristics of influenza viruses depend on the nature of their genomes, which are known to promote constant evolution that results in antigenic changes and therefore, a susceptible population. Eventually, new strains can emerge following a sudden antigenic shift when a reassortment event occurs, as observed in 2009, when the world experienced the emergence of the pandemic influenza A virus strain A(H1N1)pdm09 (CDC 2009, WHO 2011, WHO/GISN 2011).

We aimed to observe the behaviour of influenza A in relation to epidemiological aspects during the pandemic and post-pandemic in outpatients younger than five years old. In addition, we observed the circulation of influenza virus and its relationship with climatic conditions in a tropical city of northeastern Brazil.

SUBJECTS, MATERIALS AND METHODS
===============================

*Subject data and specimen collection* - Four hundred and sixty-seven nasopharyngeal aspirate samples collected between May 2009-August 2011 from selected patients with respiratory clinical manifestations were analysed. Reports were requested for all cases of children younger than five years of age who presented influenza-like illness (ILI). Three main criteria were requested (fever ≥ 36.5ºC, cough and rhinorrhoea) and at least one other criterion for inclusion of ILI, such as sore throat, headache or myalgia was considered ([@B29], [@B13]). A standardised report form was used that included questions about one or more pre-existing conditions, such as asthma, immunosuppression and chronic metabolic, lung or heart disease ([@B29]). The data in the medical records were collected at the moment of consultation in a paediatric teaching hospital of the Federal University of Bahia (UFBA), Prof Hosannah de Oliveira Paediatric Centre, Prof Edgard Santos University Hospital Complex in the city of Salvador, state of Bahia (BA).

*Clinical samples and laboratory investigation* - All specimens were first tested with a commercial Indirect Immunofluorescence (IFI) kit (Respiratory Panel 1 Viral Screening and Identification kit, Light Diagnostics™ Respiratory Viral Screen IFA, included in kit \#3105 EMD Millipore Corporation, Billerica, MA, USA). The assay screened for influenza A and B and respiratory syncytial virus (RSV), adenovirus (Adv), parainfluenza virus (PV) types I, II and III. In 2009, during the pandemic, all samples that were collected (100%) were tested by IFI, real-time transcription reverse polymerase chain reaction (rRT-PCR) and/or RT-PCR. In 2010 and 2011, two-thirds of the negative samples for influenza and other viruses were tested by rRT-PCR and/or conventional RT-PCR, considering clinical criteria that could detect any influenza virus (A/H3N2, A/H1N1, A(H1N1)pdm09 or influenza B present in the sample).

The rRT-PCR was performed in accordance with protocols established by WHO/CDC (2009) for the detection and characterisation of swine influenza A (swInfA), including a panel of oligonucleotide primers and dual-labelled hydrolysis (Taqman ^®^ ). This assay was utilised to test respiratory specimens taken from suspected influenza A-infected patients. The influenza A primer and probe sets were used for the universal detection of type A influenza viruses. A primer and probe set for all swInfA viruses and a primer and probe set to match haemagglutinin (HA) genes (swH1) were used. The ABI Fast Real-time PCR System 7500 thermocycler and its corresponding software (Applied Biosystems, Foster City, CA, USA) were used. The subtype A/(H1N1pdm09) was confirmed by conventional multiplex RT-PCR using different primer sets that targeted six fragments of neuraminidase and five of HA genes. The primers were also used for seasonal influenza A/H3N2, influenza B and the former seasonal A/H1N1 virus. Direct sequencing was performed for the purified products using the ABI Prism Big Dye Terminator in accordance with the World Health Organization protocols ([@B32]).

*Distinct climatic conditions* - Meteorological data, such as the maximum and minimum temperature, air relative humidity (RH) and rainfall, were obtained during the study period from the Meteorological National Institute of Brazil, which is an official governmental institute ([inmet.gov.br](http://inmet.gov.br)). Sunlight incidence was also obtained from climatetemp.info.

*City geographic, climate characteristics and population dates* - Salvador, latitude and longitude 12º54'S 38º20'W, has an average temperature of 25.1ºC (77ºF). The city receives on average of 1,866 mm (73.5 in) of precipitation annually or 156 mm (6.1 in) each month. The driest month is January, with an average of 77 mm (3.0 in) of rain and the wettest month is May, with an average of 293 mm (11.5 in) of rain. The mean RH for an average year is 80.2% and this region experiences 2,694 sunshine hours annually (climatetemp.info). According to the 2010 Brazilian Institute of Geography and Statistics Census (IBGE) (censo2010.ibge.gov.br/dados), 2,480,790 individuals reside in Salvador, which makes it the third-most populous city in Brazil, with a large concentration of people living in the urban area and suburbs.

*Ethics approval* - This study was approved by the Committee on Ethics of Maternity Climério de Oliveira, Faculty of Medicine, UFBA (159/2007). Informed consent was obtained from the parents or guardians of all children enrolled in the study and guidelines for human clinical sample ethics were strictly observed.

RESULTS
=======

Of the 467 clinical samples collected between May 2009-August 2011, 34 (7%) were typed as influenza A and four were positive for influenza B (0.8%). Regarding influenza A subtyping, Flu A/H3N2 and influenza A(H1N1)pdm09 were identified in 25/34 (74%) and nine/34 (26%) of the samples, respectively. All pandemic influenza samples were detected from June-October 2009, most of which were equally distributed until September ([Fig. 1](#f01){ref-type="fig"}). When analysing only the 85 samples that were collected in 2009, nine (10.5%) were confirmed to be H1N1pdm09-positive. Of the ILI cases that were confirmed to be influenza A(H1N1)pdm09, four/nine (44.4%) occurred in children aged less than or equal to one year, two/nine (22.2%) in children from one-two years and three/nine (33.3%) in children two-five years old. Dual influenza A infection A(H1N1)pdm09 and A/H3N2 viruses was detected in a four-year-old child, while influenza A(H1N1)pdm09/RSV co-infection was found in a child less than one year. The seasonal A/H3N2 virus was detected throughout the study years, with annual rates of 8.2%, 2.1% and 8.6% in 2009, 2010 and 2011, respectively, and affected all age ranges ([Table I](#t01){ref-type="table"}).

Fig. 1: virological and climatic data in the city of Salvador, state of Bahia, Brazil, from May 2009-August 2011. Bars represent the influenza (Flu) virus detected. The X-axis shows the years and respective months and the left Y-axis shows the absolute number of positive specimens for influenza viruses (black bars). The right side Y-axis shows the average temperature (ºC), relative air humidity (%) and rainfall (mm x 10). In 2009, the total annual rain volume was 1,176 mm, in 2010, 1,780 mm, and 2011, 1,470 mm.

TABLE IPrevalence of influenza A, including the pandemic virus and influenza B, in children under five years-old with influenza-like illness attending at a paediatric teaching hospital during 2009-2011 in the city of Salvador, state of Bahia, BrazilYearInfluenza type0-1 year n (%)1-2 years n (%)2-5 years n (%)Total n (%)2009A/H1N1pdm094 (16.7)2 (6.3)3 (10.3)9 (10.6)A/H3N21 (4.2)4 (12.5)2 (6.9)7 (8.2)B2 (8.3)0 (-)0 (-)2 (2.4)Influenza negative17 (70.8)26 (81.3)24 (82.8)67 (78.8)Total24 (100)32 (100)29 (100)85 (100)2010A/H1N1pdm090 (-)0 (-)0 (-)0 (-)A/H3N22 (1.8)0 (-)3 (4.6)5 (2.2)B0 (-)2 (3.5)0 (-)2 (0.9)Influenza negative108 (98.2)55 (96.5)62 (95.4)225 (9.07)Total110 (100)57 (100)65 (100)232 (100)2011A/H1N1pdm090 (-)0 (-)0 (-)0 (-)A/H3N24 (5.3)4 (10)5 (14.3)13 (8.7)B0 (-)0 (-)0 (-)0 (-)Influenza negative71 (94.7)36 (90)30 (85.7)137 (91.3)Total75 (100)40 (100)35 (100)150 (100)[^1]

Regarding influenza B, two/four positive samples were found in 2009 and one of these was in a child who was less than or equal to one year old, which corresponds to 8.3% in this age range and the other two specimens were detected in 2010, both in children who were less than or equal to five years old. The prevalence of influenza A in individuals of all age groups of the studied population is described in [Table I](#t01){ref-type="table"}. Most study patients had no chronic health conditions that resulted in risk factors or subsequent complications from influenza.

Although some patients two/nine (22.2%) who were infected with the pandemic virus and aged four and 10 months developed mild acute bronchiolitis, they did not require hospitalisation. A child of four months had a coinfection of the H1N1pdm09/RSV viruses. In addition, another child of eight months, who had radiological evidence of pneumonia, was hospitalised and released three days later. Other respiratory viruses were also identified by IFI within the study period in 27% (127/467) of patients with ILI, which circulated together with the pandemic virus. The distribution was as follows: in 2009, 26/85 (30.5%), in 2010, 57/232 (24.5%) and in 2011, 44/150 (29.3%) samples were positive for a number of respiratory viruses. RSV was the most prevalent and accounted for 55% (70/127) of those tested (for a detailed distribution, see [Table II](#t02){ref-type="table"}). RSV circulated in Salvador at low levels in 2009; however, a considerable increase was noted in 2010 between March-April and between February-April 2011, with an increase in circulation from May-July and a decrease in August. Adv circulation was also detected, as well as PV3, but at low levels compared with RSV ([Fig. 2](#f02){ref-type="fig"}).

TABLE IIDistribution of respiratory viruses in children under five years old with influenza-like illness attending at a paediatric teaching hospital during 2009-2011 in the city of Salvador, state of Bahia, BrazilYear200920102011TotalSamples analysed85 n (%)232 n (%)150 n (%)467 n (%)RSV8 (30.8)30 (52.6)32 (72.7)70 (15)Adeno8 (30.8)15 (26.3)9 (20.5)32 (6.9)PF12 (7.7)1 (1.8)2 (4.5)5 (1.1)PF20 (0)0 (0)1 (2.3)1 (0.2)PF38 (30.8)11 (19.3)0 (0)19 (4.1)Total positive results26 (-)57 (-)44 (-)127 (27.2)Annual positive results- (30.59)- (24.57)- (29.33)- (-)

Fig. 2: virological and climatic data in the city of Salvador, state of Bahia, Brazil, from May 2009-August 2011. Bars represent the respiratory virus detected. The X-axis shows the years and respective month. The left Y-axis shows the absolute number of positive specimens for respiratory viruses (black bars). The right side Y-axis shows the average temperature (ºC), relative air humidity (%) and rainfall (mm X 10). In 2009, the total annual rain volume was 1,176 mm, in 2010, 1,780 mm, and in 2011, 1,470 mm. RSV: respiratory syncytial virus.

During the study period in 2009, the average precipitation was 150 mm monthly; the highest index was in May, with 550 mm. June and July had 150 mm of precipitation and in August, the levels fell to 100 mm. Only one seasonal virus A/H3N2 was detected in May of 2009 and most of the cases were detected only in August (100 mm). The first influenza pandemic case detected in this study population was in June of 2009 (150 mm). In 2010, we had a few seasonal influenza cases that were distributed throughout April (450 mm) and May (250 mm) and one case occurred in August (170 mm) and November (30 mm). The average monthly rainfall was 180 mm. In 2011, the seasonal virus A/H3N2 circulated from January (rainfall 150 mm) to June (250 mm), but no pandemic influenza cases could be detected in these last years of study ([Fig. 1](#f01){ref-type="fig"}). The average temperature was 25.6ºC and the air RH was approximately 81.5%. Similar climatic conditions were observed in 2010 and 2011, with few variations in rainfall ([Fig. 2](#f02){ref-type="fig"}).

DISCUSSION
==========

The present study describes the occurrence of cases of influenza during the period from May of 2009-August 2011. The epidemiology of influenza in Salvador changed in the years following the pandemic and few cases were reported. From 2010-August 2011, no pandemic virus was detected in the studied age groups. Data from Epidemiological Surveillance Board, Bahia State Department of Health ([@B23]) also revealed a considerable decline in the detection of influenza A(H1N1)pdm09 in children less than or equal to five years in Salvador; only one case was reported in February 2010 and three were reported in 2011 (J Dias, unpublished observations). According to data in Brazil, an increase of RSV with influenza A in 2010 and 2011 was reported, with a peak in circulation between February-June ([@B13]). During the pandemic period, other respiratory viruses were also found circulating in São Paulo, in southeastern Brazil, with a predominance of human metapneumovirus ([@B28]).

The seasonal H3N2 virus had the highest rate among children aged one-two years in 2009 and variations in the attack rate among the age groups affected by influenza A seasonal virus in the subsequent years of the study occurred. Because the highest attack rate of the influenza pandemic virus occurred in very young children (0-1 year of age), children are considered a high-risk group for influenza infection, particularly those less than or equal to two years old and regarded as the most critical source of community-wide influenza transmission ([@B14], [@B31] , [@B13]).

A consensus exists that A(H1N1)pdm09 has disproportionately affected children and young adults and spared elderly individuals greater than 65 years old. Although the pandemic A/(H1N1)pdm09 virus is supposed to have a greater attack rate in young adults, the major incidence was in children less than or equal to five years old ([@B9], [@B31]). The age distribution of cases of pandemic influenza peaks in children in Brazil was similar to that observed in other countries ([@B15]).

We observed that most children less than or equal to five years old who had ILI were not infected with the pandemic virus. In Perth, Australia, a quarter of preschool children and approximately 40% of school-aged children and older teenagers had serological evidence of pandemic influenza infection during the winter of 2009; the authors suggest that high levels of mild or asymptomatic infection must have occurred in the population ([@B8]). The clinical syndrome caused by A(H1N1)pdm09 ranged from febrile illness to severe pneumonia; however, the majority of clinical presentations were a influenza-like illness with fever and cough that was occasionally accompanied by dyspnoea, sore throat and runny nose ([@B36])

The most common clinical symptom reported by the majority of infected patients with confirmed A(H1N1)pdm09 in our study was fever (100%), followed by cough and/or rhinorrhoea. Among the patients studied, two children had bronchiolitis and dyspnoea and one was co-infected with influenza A/H3N2 and RSV. Another case presented mild pneumonia, which required hospitalisation, but no deaths occurred in the population. The death and hospitalisation rates varied in all countries ([@B29]). Morbidity and mortality resulting from seasonal influenza and other respiratory viruses have long been described in the country ([@B22], [@B4], [@B27]).

In Brazil, the mortality rate by influenza A(H1N1)pdm09 was 0.47/100,000 inhabitants and varied according to region. In 2009, 2,060 deaths occurred nationwide. This number decreased to 113 deaths in 2010 and 21 deaths in 2011. The highest absolute number of deaths was observed in the southeastern region in 2009, with 992 deaths and in the South Region, which had 789 deaths. ([@B19], MS 2012). The Northeast Region had the lowest rate, with 62 individuals in 2009. In BA, 7.9% of the deaths reported were associated with influenza A(H1N1)pdm09 ([@B23]). In terms of mortality, our findings differ from reports from the southeastern and southern regions, where the highest absolute number of severe acute respiratory infection and mortality associated with the pandemic virus were concentrated. Consideration of these aspects could be of great importance to public health for surveillance and investigations in regions with different patterns of circulation, morbidity and mortality (MS 2012). Mortality rates were also high in other South American countries. In Argentina, which borders the Southern region of Brazil, [@B10] reported a higher mortality rate by the pandemic virus at approximately 1.1/100,000 inhabitants; most of the affected population were children.

In temperate climates of the Northern Hemisphere, influenza epidemics occur annually, with the peak activity in cold months, followed by a substantial decrease during warmer periods. In the Southern Hemisphere, the winter occurs between June-September, which is when the transmission dynamics of influenza virus varies between different countries ([@B25], [@B30]).

In Brazil, influenza tends to spread throughout the year and in the southern and southeastern regions, it generally occurs during winter, from June-August. In other regions, such as the northern and northeastern, influenza circulation varies between the seasons and its occurrence increases largely in periods associated with rain ([@B13]). The Northeast Region is the driest part of the country, while the South Region and most of the Atlantic coast north to Salvador have similar amounts of rain to most of the Central-West Region, with 1,500-2,000 mm of rain per year and an average variation of rainfall ranging from 168.0-879.0 (mm/month), without distinct periods of a dry season. Winter usually begins in June and extends until August and is characterised by being rainy, with temperatures averaging 22ºC. In May, the precipitation reaches an average of 330 mm and generally decreases to 110 mm in January (countrystudies.us/brazil/23.htm, weather-and-climate.com/average-monthly-Rainfall-Temperature-Sunshine). Because seasonal influenza virus A H3N2 and influenza A pandemic virus circulation did not follow a pattern related to rainfall in the years of this study, no association between the rainy season and virus circulation can be suggested. In contrast, [@B12], who investigated the circulation of influenza virus by a temporal approach in the city of Fortaleza, which is also located in northeastern Brazil, observed that influenza virus circulated at low levels throughout the years, with a seasonal increase during the rainy season.

One of the largest studies on influenza seasonality, circulation and mortality in Brazil was performed by [@B2], who observed a seasonal influenza-travelling wave in a southward direction that originated from equatorial and low-population regions in March-April and moved to a temperate and highly populous region over a three-month period. Weather fluctuations and seasonal-to-interannual climate variability influences many infectious diseases. There is an increasing number of published studies exploring the effects of weather and climate on influenza ([@B26], [@B20]). Rain and cold weather have also been associated with seasonal influenza transmission because they promote crowding inside, which is a trend that could lead to increased risk of contact transmission. In the northern hemisphere, the influenza pandemic exhibited very different timing with regard to the seasons by spreading at low levels throughout the summer months. An abrupt increase in influenza activity occurred early in September and the peak of the fall wave of the pandemic was observed in mid-October, which was much earlier than that normally observed with epidemic strains. The pandemic virus circulated during the summer and early autumn months, likely due to a relative lack of pre-existing immunity in the population ([@B2], [@B11], [@B3], [@B21]).

The emergence of pandemic influenza has resulted in questions about solar radiation and vitamin D influencing temporal and spatial influenza circulation. Respiratory virus circulation has been associated with UVB radiation. The hypothesis that influenza pandemics are linked to solar cycle variation, sunlight incidence and control of vitamin D levels in humans is growing ([@B17], [@B1]). In the northern and southern hemispheres, where widespread infections typically occur during the winter, factors such as ozone, clouds and aerosols are closely related to variations in surface UV radiation incidence. Without sufficient sunlight, the skin does not produce vitamin D, which is a deficiency that is common in winter. In southern Brazil, temperature variations between summer and winter and daylight length variation can provide a better characterisation of the season. The highest absolute number of cases and deaths by pandemic influenza were concentrated in the southeast and southern Brazil. Studies in these regions have revealed a high prevalence of hypovitaminosis D in different age groups and both sexes of young resident physicians (mean 26.4 years) of a general hospital in the city of Porto Alegre and in healthy students aged 16-20 years in São Paulo ([@B16]). Despite these considerations, it is not possible to suggest that the low impact of the pandemic in the Northeast Region, particularly in Salvador, compared with other Regions of the country and other countries could be related to sunlight because many other factors may be involved that explain the low rate of cases by the pandemic virus.

In conclusion, in Salvador, all patients had less severe infection than those previously reported in other studies from Brazil. These data from Salvador suggest that the severity of A(H1N1)pdm09 in children less than or equal to five years may have been diminished. The complications that were observed in patients infected with the pandemic virus were similar to those from previous epidemics by seasonal influenza virus. Although this study was limited to one paediatric hospital, additional surveillance data from other northwestern regions are needed to further study influenza dynamics in this tropical region. Our data may contribute to a better insight of the epidemiology of influenza and may contribute to an understanding of patterns of seasonality that consequently controls influenza in Brazil, especially in the northeastern region.
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[^1]: the percentage of detection of viruses was stratified by range age.
